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SUMMARY 
The maize-Florida teosinte hybrid was analyzed indirectly by the 
substitution of Nojoya teosinte for maize in the hybrid. This sub-
stitution was made on the basis of a pachytene analysis of the maize-
Nojoya teosinte hybrid, which indicated that maize and Nojoya 
teosinte have no detectable cytological rearrangements and that 
chromosome pairing is apparently as close as in a pure species. 
The pachytene analysis of the hybrid between the Florida and 
Nojoya teosintes indicated that, with respect to maize, Florida teosinte 
had an undetermined rearrangement on the end of the long arm of 
chromosome four, a rearrangement in the long arm of chromosome 
eight, and an inversion in the distal half of the short arm of chromo-
some nme. 
The existence of the inversion was confirmed genetically by dem-
onstrating that the hybrid between maize and Nojoya teosinte, which 
showed no inversion at pachytene, had crossing-over in. the C-wx 
interval, an interval which has practically no crossing-over in the 
maize7Florida teosinte hybrid. 
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Cytogenetic studies of hybrids between genera are rarely possible, 
owing to high sterility in the hybrid and to a lack of detailed informa-
tion concerning the chromosome morphology and gene positions in 
either component of the hybrid. Such analyses, when possible, should 
indicate exact differences between. the genera concerned, and such 
information presumably might have bearing on problems in phylogeny 
as well as in genetics. The hybrid between annual teosinte, E uchlaena 
mexicana Schrad. and maize, Zea ]!,fays L., is more subject to accurate 
analysis than any other now available. The hybrids are fertile, the 
strikingly different morphology places them indisputably in different 
genera, and the cytogenetic information available for maize makes 
a reliable basis on which to place the analysis of the hybrid. Since 
t etraploid and trisomic maize can be crossed with diploid teosinte, 
various experiments related to polyploidy can be undertaken when 
the cytological analysis of the diploid hybrid has been completed. 
The present investigation is concerned primarily with the comparative 
cytology and genetics of chromosome nine in maize and annual 
teosinte. 
HISTORICAL 
The chromosomes of the hybrid between maize and teosinte were 
first investigated by Kuwada (1919), who found that ten pairs of 
chromosomes occurred, and that one of the longer pairs was unequal. 
·The teosinte involved in Kuwada's hybrid was from Florida and was, 
therefore, probably identical with what now constitutes the Florida 
type in genetic stocks. Annual teosinte and its hybrids with maize 
were further studied by Longley (1924) . The chromosome number 
was found to be identical with that of maize, a~d the meiotic char-
acteristics were very similar. The hybrid of maize and teosinte from 
Chalco, Mexico, had ten pairs of chromosomes, and essentially normal 
*This study is a part of th<" program supported by funds obtained under Bank-head-J°ones Project SRF-2-5, "Comparative Genetics and Cytology of Polyploidy Series in "Triticum," Division of Cereal Crops and Diseases, Bureau of Plant In-dustry, U. S. Department of Agriculture, and Missouri Agricultural Experiment Station, cooperating. 
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reduction divisions. An investigation of hybrids of maize and annual 
teosinte involving Florida, Durango, and Chalco teosinte by Beadle 
( 1932a) indicated that the reduction divisions in hybrids involving the 
Chalco and Durango varieties were quite normal and apparently indis-
tinguishable from the reduction divisions in either parental species 
at metaphase and anaphase. The Florida variety, however, did not 
produce normal hybrids. Two unpaired chromosomes were frequently 
seen at diakinesis, metaphase, and anaphase. These chromosomes were 
clearly unequal in size, and were obviously homologues, since they were 
usually paired at diakinesis. In many cells another such pair occurred 
simultaneously, so that the microsporocyte had two large and two 
small univalents which were derived from two pairs of hetermorphic 
homologues. 
The genetics of maize-annual teosinte hybrids was undertaken 
by Beadle and Emerson ( 1932), whose data demonstrated that in all 
chromosome regions adequately tested (nine in Durango, six in 
Chalco, and four in Florida), but one region showed behavior signifi-
cantly different from that in maize. In this exceptional region, the 
C-wx interval, no crossing-over occurred in Durango and Florida 
teosinte hybrids. This interval was studied again by Beadle ( 1932n), 
who was able to determine that the region of suppressed or no crossing-
over extended from yellow green-2, which is near the end of the short 
arm of chromosome nine, to waxy, which is probably near the centro-
mere. These observations were not made on hybrids between maize 
and teosinte, but on individuals which were the result of several gen-
erations of back-crossing to maize. The teosinte chromosome carrying 
W x could be retained while the stock became more maize-like. This 
procedure was used for convenience in technique; consequently, the 
constitution of the chromosome beyond the marker W x cannot be 
inferred. Crossing-over did occur between waxy and virescent-1, and 
between waxy and the translocation point of semi-sterile 2, in the 
hybrid between maize and Florida teosinte; but no measure of the 
frequency could be secured by the method used. The configurations 
of the translocation association, which involved chromosomes eight 
and nine, indicated that the short arm of chromosome nine paired 
normally, or appeared to do so, although no crossing-over occurred 
between yellow green-2 and waxy. These observations were made on 
both the Durango and Florida forms. 
By using various translocations to test homologies, Amason 
( 1936) was able to investigate the pairing of known chromosomes 
in the maize-Florida teosinte hybrid . The diakinesis and metaphase 
configurations studied indicated that long segments of chromosome 
eight or nine failed to form chiasmata in the hybrids. The genetic data 
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secured indicated that 5 per cent crossing-over occurred in the interval 
between yellow green-2 and waxy, an inte.rval which has, in normal 
maize stocks, a value of 52. The heteromorphic pairs could not be 
positively identified, but evidence was secured which eliminated 
chromosomes one, two, six, and seven from this category, and retained 
chromosomes five, eight, nine, and ten as possibilities. 
A survey of the chromosomes of all the teosinte varieties obtain-
able was made by Longley (1937), who was able to establish a close 
correlation between geographical distribution and chromosome mor-
phology. The annual teosintes from southern Guatemala possess 
large terminal knobs, those from northern Guatemala have small 
termiF!.al knobs, and the teosintes from Mexico are characterized by 
infrequent terminal and many internal knobs. This survey seemed to 
indicate that the teosintes from southern Guatemala were least like 
maize, and therefore should be considered pure E. mexicana; and that 
the type became more maize-like, perhaps from contamination with 
maize, the more northern the locality in which it had been collected. 
Florida teosinte was found to be very similar to, if not identical with, 
the teosinte from Moyuta in southern Guatemala, whence Florida is 
said to have come. A further study of knob-forming loci by the same 
author indicated that differences in knob frequencies at specific loci 
also separated the two groups of teosinte, the northern being slightly 
more maize-like than the southern group. On the basis of these ob-
servations Longley ( 1941) concluded that, from a cytological view-
point, gene changes could convert, or could have converted, the south 
Guatemala teosintes to northern types; and similarly these northern 
types might change, or might have been changed, to maize. 
A theory concerning the origin of maize and teosinte was presented 
by Mangelsdorf and Reeves (1938) (1939) which would derive Euch-
laena from a hybrid of maize and Tripsacum. According to this theory, 
all teosinte would have maize and Tripsacum chromosome segments. 
Another investigation on the origin of maize, made by Langham ( 1939) 
(1940), indicated that maize could have arisen from teosinte by a few 
mutations similar to those which have already occurred in the reverse 
direction in maize. 
In an attempt to secure teosinte amenable to cytological analysis, 
the writer (1939) found that seed from Nojoya in Guatemala pro-
duced plants with favorable pachytene stages both as individuals 
and when combined with ordinary genetic stocks of maize. 
MATERIALS AND METHODS 
The teosinte used in these experiments comprises three varieties, 
or types. Two were secured from collections made in Guatemala by 
Kempton and Popenoe (1937) and one from a commercial source in 
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this country. The two from Guatemala were collected near towns 
named Moyuta, which is in southern Guatemala, and Nojoya, which 
is in northern Guatemala, near the Mexican border. The varieties 
are identified by these names. The other type, known as Florida, was 
imported, according to Longley (1937), to France from southern 
Guatemala, and from France was introduced into Florida where it is 
now grown commercially. A full account of the distributions of these 
varieties may be found in Kempton and Popenoe ( 1937), and com-
plete diagrams of their chromosome morphology in Longley ( 1937). 
Since teosinte is a short-day plant, the varieties were induced 
to flower during the maize pollinating season in the field and green-
house by shortening the photoperiod to ten hours. Large hoods were 
placed over the plants at six p. m. and removed at eight a. m.. The 
varieties used in preliminary trials required different induction periods 
which had to be determined before the pollinations could be planned. 
Eight types were treated with ten-hour days, which were started ten 
days after the seed was planted on April 15, and were continued until 
shedding occurred. The number of days required for anthesis is pres-
ented in Table 1. The varietal names, as customary, are those of 
towns near or in which the collections were made (excepting Florida). 
All cytological preparations were aceto-carmine smears. The 
photographs were taken with a Leitz M akam camera in conjunction 
with oil immersion apochromatic objectives. 
TABLE 1.-lNDUCTION PERIOD FOR FLOWERING OF ANNUAL TEOSINTE 
Da:vK 1·0 poll<'n 
Variety she<l<ling-• 
Nobogame . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4~ 
'l'rampas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 42 
Chalro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
·Florida ....... . .. . ... . ..... ... ....... . . .. . ... . ........... · · ..... . .. · . · .... · . (;G 
Moyuta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 73 
NovocnJ·an . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Nojoya ......... . ..... . .......... ·........ ..... .. . .. . . . .. . ... . ... . . .. .. . . ..... 76 
Hl1ixta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
*'l'he figures indicate the number of days to anthesis. The se(•<l wa" started 
April 15, an·d short days were started April 25 ancl continued until pollen was she<l. 
EXPERIMENTAL 
Maize x Florida teosinte 
All hybrids involving Florida teosinte are difficult to analyze cy-
tologically, owing to the extremely large terminal knobs of the teosinte 
which, at pachytene, clump with the internal maize knobs and form 
a complex tangle of chromosome threads whose ends and courses can-
not be determined. The only chromosome which could be studied 
satisfactorily was chromosome ten, which, because it was very short 
and had but one knob, was isolated in many instances. This chromo-
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some showed no cytological abnormalities whatever, appearing to pair 
closely throughout its whole length. Two cells were found in which 
chromosome nine could be studied. Pairing appeared to be complete 
throughout the chromosome. Various chromosome arms which were 
separate from the invariable tangle could be studied in some detail. · 
None of these arms were identified. A few showed some asynapsis 
at the ends, especially where heterozygous knobs occurred. One long 
inversion was found in one of the longer chromosomes. Although it 
was unmistakably clear when present, it was found but twice in the 
several hundreds of cells examined. Either the chromosome was so long 
that it invariably got entangled and so escaped examination, or the 
inversion frequently paired in the non-homologous order and so 
appeared normal. These pachytene observations on chromosomes nine 
and ten and on various unidentified arms, were all that the material 
permitted. 
At metaphase the unpaired univalents, described by other in-
vestigators, were found. Their frequencies are presented in Table 2. 
TABLE 2.-UNIVALENTS AT METAPHASE IN THE MAIZE-FLORIDA TEOSINTE HYBRID. 
uniyalents 
fr0q llPilCY 
() 2 
J.11 
4 
10 
(j 
0 
The pairs which give rise to these univalents are of different sizes, 
the larger pair being represented by univalents less frequently than 
the smaller. Each pair is clearly heteromorphic. The size differences 
between the homologues were obvious at metaphase, but were clearest 
at late diakinesis when the pairs were often associated end-to-end. To 
secure some measure of the degree of difference between the pairs, 
and between the homologues involved, a well flattened and apparently 
~ndistorted cell, which had all four univalents present, was selected 
for measurements. The most exact camera lucida drawing possible 
was made of the univalents. With a 20x ocular and a 90x objective, the 
larger pair of homologues had chromosomes 19 and 15 millimeters in 
length. This difference is one of approximately 21 per cent of the 
length of the longer homologue. By the same method the smaller 
pair measured 13 and 8 millimeters, a difference of approximately 
39 per cent of the length of the longer homologue. The smaller hetero-
morphic pair is, therefore, on a percentage basis, about twice as unequal 
as the longer pair. 
Bridges and fragments, presumably the result of duplications or 
inversions, were also found at metaphase. The fragments were of dif-
ferent sizes in cells which had two bridges, the maximum observed in 
a single cell. 
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Back-crosses were made to maize to secure material more favor-
able for cytology. The immediate back-crosses, which might have 
retained enough teosinte to be of use in the analysis, were little clearer, 
if any, than the hybrid at pachytene. These back-crosses showed in 
' 
many instances, two bridges and the heteromorphic unpaired homo-
logues seen in the first-generation hybrid. A sample of apparently well 
:flattened and relatively undistorted cells was used to determine the 
frequency of each asynaptic heteromorphic pair. The sample con-
sisted of 87 cells, each with one heteromorphic pair of chromosomes. 
In 57 the pair seemed to be the smaller one, and in 30 the larger. 
Undoubtedly many of the cells with the large homologue unpaired 
were placed in the wrong class, since the chromosomes would be 
shortened optically in most cells which were not absolutely flat. The 
frequency of univalents in this back-cross was greater than that in 
the hybrid. These frequencies are presented in Table 3. Not all back-
cross plants had bridges and univalents. 
TABLE 3.-UNIVALENTS AT METAPHASE IN A MAIZE X (MAIZE X FLORIDA 
TEOSINTE) PLANT. 
univalents 
frequency 
0 
123 
2 
87 
4 
12 
6 
2 
8 
0 
These data were secured from a single indrvidual which had both 
detectable phenomena of the hybrid, i.e., univalents and bridges. Some 
plants had fewer univalents and but one bridge at anaphase. The 
frequency of univalents in a different plant which had but one very 
small fragment at metaphase is presented in Table 4. 
TABLE 4.-UNIVALENTS AT METAPHASE IN A MAIZE X (MAIZE X FLORIDA 
TEOSINTE) PLANT. 
univalents 
frequency 
0 
360 
2 
41 
4 
2 
6 
,0 
The teosinte from Moyuta, which cytologically and morphological-
ly is similar to Florida teosinte, was also studied in combination with 
maize. The hybrid seemed indistinguishable from the maize-Florida 
teosinte hybrid in all obvious detail. Inversion or duplication bridges 
with fragments of different sizes were present, and heteromorphic 
unpaired homologues occurred in essentially the same frequencies as 
in the maize-Florida teosinte hybrid. These frequencies are presented 
in Table 5, and are not significantly different from those presented in 
Table 2 for the maize-Florida teosinte hybrid. 
TABLE 5.-UNIVALENTS AT METAPHASE IN A MAIZE-MOYUTA TEOSINTE HYBR
ID. 
univalents 
frequency 
0 
265 
2 
89 
4 
12 
6 
0 
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Maize x Nojoya Teosinte 
Hybrids between maize and the t eosinte from Nojoya differ great-
ly from the preceding one. This hybrid has a clear pachytene stage 
which compares favorably with maize; no univalents occur at late dia-
kinesis or metaphase; no inversion or duplication bridges occur at ana-
phase; and no cytological rearrangements can be seen at pachytene. 
Cytologically the hybrid seems to be no different from a pure species. 
The teosinte knobs are very small in most instances, and appear to be 
simple additions to the length of the chromosome. In Figure 2, the 
lower chromosome, number 10, is heterozygous for a very small ter-
minal knob. This knob can be seen to occupy the position of what 
would be an extra chromomere at the end of the chromatid. All the 
terminal knobs which were studied in detail had similar positions. The 
knobs on the teosinte were found in the positions determined by Long-
ley ( 1937). Some of the hybrids indicated that the terminal knob 
on the short arm of chromosome seven could be missing, that a small 
internal knob occurred in the long arm of chromosome two, and that 
a very small terminal knob-scarcely more than a large chromomere 
-occurred on the long arm of chromosome ten. The hybrid produces 
apparently normal pollen, only 67 starch-deficient pollen grains occur-
ring in 1000. This proportion agrees with the regularity of meiosis in 
the hybrid. The hybrid involving maize and Florida teosinte has 
pollen which is much more irregular in appearance, which has one-third 
of its pollen deficient in starch. 
Nojoya teosinte x Florida teosinte 
This combination was used to circumvent the cytological dif-
ficulties of the maize-Florida teosinte hybrid in securing an accurate 
analysis of that hybrid. The substitution of Nojoya for maize seems 
permissible, since the chromosomes of Nojoya paired perfectly with 
those of maize and showed no evidence of chromosome rearrangements 
or meiotic anomalies at any stage of meiosis. The validity of this 
substitution is further indicated by the analysis of the Nojoya-Florida 
hybrid, which shows all the phenomena characteristic of the maize-
Florida hybrid. The pachytene stage of this hybrid between Florida 
and Nojoya teosinte was far clearer and more amenable to analysis 
than the maize-Florida teosinte hybrid. All the chromosomes could 
be isolated with but moderate difficulty, and the shorter chromosomes 
could be distinguished for study with relatively high frequency. 
The heteromorphic asynaptic homologues which occur in the 
maize-Florida teosinte hybrid also occur in this hybrid. The general 
appearance of the microspQrocyte is much the same as that of the 
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maize-Florida teosinte hybrid, two or four univalents occurring in many 
cells at diakinesis and metaphase I, the larger two being the less fre-
quent. The frequency of univalents is given in Table 6. 
TABLE 6.-UNIVALENTS AT METAPHASE IN THE FLORIDA x NoJOYA HYBRID. 
univalents 
frequency 
0 
170 
2 
101 
4 
29 
6 
1 
8 
0 
Among the thirty hybrids studied one, for unknown reasons, had 
much asynapsis. Most of the cells had eight pairs, and three in 300 
had as few as four pairs. The most completely flattened of these three 
cells was used to secure measurements· for comparison with the meas-
urements taken of the univalents at metaphase in the maize-Florida 
teosinte hybrid. The shortest chromosome found, measured with the 
same equipment used before, was 8 millimeters in length. This coin-
cides with the length of the smallest of the heteromorphic homologues 
found in the maize-Florida teosinte hybrid. Bridges and fragments 
also occurred in the hybrid between Florida and Nojoya teosinte. 
The pachytene chromosomes showed several anomalies. The most 
conspicuous of these was a tendency to fail to pair, or to separate 
precociously at the ends when a heterozygous knob or heteromorphic 
knobs were present. The large knobs of the Florida teosinte could 
easily be distinguished from the comparatively small ones of the 
Nojoya teosinte. In Figures 3 and 4 the heteromorphic knobs may be 
seen at the ends of the chromosomes. In Figure 4 the isolated chromo-
some has fallen apart slightly at the knobs, and the chromosome end 
at the right has fallen apart for a distance of about four chromomeres. 
This asynapsis very probably has no genetic significance, being 
brought about, perhaps, merely by differences in the reaction of knobs 
and threads to the technique used. 
Most of the pachytene chromosomes had no detectable anomalies. 
Chromosome one was paired throughout its length. The short arm 
terminated in two knobs, one large one from Florida, and a much 
smaller one from Nojoya teosinte. Chromosome two showed no anom-
alies whatever. The long arm terminated in large and small knobs, and 
the short arm in knobs nearly equal in size. A small internal knob, 
from the Nojoya teosinte, occurred about one-third of the distance 
from the end of the long arm towards the insertion region. Chromo-
some three also was paired regularly throughout its length. The short 
arm terminated in heteromorphic knobs, which may be seen in Figure 
3. Chromosome four was impossible to analyze accurately. The short 
arm was paired regularly throughout its length, terminating in a pair 
of knobs of markedly different sizes. The long arm was paired reg-
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ularly to a point half way towards the end from the centromere. 
Beyond this point various different configurations were observed. In 
some instances the ends were not paired. In others, various kinds of 
loops occurred which suggested inversion configurations. The Florida 
homologue, which could be identified by its large knob, was slightly 
longer than the· Nojoya homologue. While no exact determination of 
the nature of the Hifference between the chromosomes was possible, 
the existence of one extensive or of several small rearrangements 
seemed most probable. Chromosome five was completely paired. Both 
arms had two terminal knobs, with those from Florida much larger 
than those from Nojoya. Chromosome six also had what seemed to 
be perfect synapsis. The long arm ended in markedly heteromorphic 
knobs. Chromosome seven is illustrated in Figure 4. It had complete 
pairing and terminated in heteromorphic knobs, whose sizes can be 
seen in the illustration. Chromosome eight had a normally paired short 
arm which had heteromorphic knobs. The long arm had a rearrange-
ment which was not visible in all the configurations discovered. A nor-
mal appearing chromosome eight may be seen in Figure 5. The long 
arm of Nojoya ends in a very small knob or large chromomere, com-
parable to that on the end of the long arm of chromosome ten. The 
rearrangement occurs approximately one-third of the distance from 
the spindle fiber towards the encl. Frequently a buckle occurs on one 
thread near this position. Sometimes a loop occurs which cannot be 
completely analyzed, but which appears very much like an inversion 
loop. Such a configuration may be seen in Figure 6. Chromosome nine 
was easily distinguishable from the other short chromosomes. It had 
a large knob, from Florida teosinte, on the long arm, and a small knob, 
from Nojoya teosinte, on the short arm. Many of the configurations 
of this chromosome appeared to be perfectly normal. Some had a 
short terminal section of the short arm unpaired. Others had clear 
inversion configurations in the terminal half of the short arm. A photo-
graph of the inversion configuration may be seen in Figure 7. Whether 
this was a simple inversion could not be determined. Many of the 
configurations seemed to indicate that such was the case, but many 
of the most clearly isolated chromosomes indicated that other altera-
tions also might have been present. The inversion could have been 
the dominant rearrangement which determined the type of configura-
tion in most instances, while other alterations might sometimes have 
influenced it also. Chromosome ten was apparently normal in all 
respects. The long arm terminated in a large terminal knob from 
Florida teosinte which usually completely obscured the smaller one 
from Nojoya teosinte. This may be seen in Figure 8. 
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Crossing-over in maize x Nojoya teosinte 
On the basis of the preceding cytological observations, little or 
no crossing-over would be expected in the distal half of the short arm 
of the ninth chromosome in hybrids between maize and Florida teo-
sinte, while hybrids between maize and Nojoya teosinte should have 
crossing-over comparable to that of maize. Earlier investigations by 
Emerson and Beadle (1932), Beadle (1932), and Amason (1936) 
demonstrated that the maize-Florida teosinte had practically no cross-
ing-over in the short arm from yellow green-2 to waxy. For compari-
son, eight Nojoya plants were given short days in the field and crossed 
with a C-wx maize stock ( teosinte carries recessive c and dominant 
waxy, Wx). The hybrids secured were given short days in the green-
house where the pollen was used on c-wx maize. The data secured 
from these pollinations are presented in Table 7, where the percentage 
of crossing-over can be seen to be adequate to permit the inference of 
normal synapsis and crossing-over. 
TABLE 7.-(C-wx MAIZE x c-Wx NoJOYA TEOSINTE) x (c-wx MAIZE) 
No. C-wx c-·wx C-Wx c-wx Nco. Co. o/o 
1 64 60 5 12 124 17 12 
2 57 53 10 14 110 24 18 
3 112 88 22 22 200 44 18 
4 340 363 SS 86 703 174 20 
5 35 30 7 7 65 14 18 
6 235 174 43 56 409 99 20 
7 41 40 10 9 81 19 19 
s 70 65 6 14 135 20 13 
954 873 191 220 1827 411 18.4 
DISCUSSION 
The heteromorphic homologues which occur in the hybrids be-
tween Florida teosinte and maize, between Moyuta teosinte and maize, 
and between Florida teosinte and Nojoya teosinte, can not be ex-
plained in terms of deficiency and duplication, the most apparent 
explanation of the size differences observed. Such an explanation would 
require deficiencies or duplications, or both in conjunction, which 
would involve approximately one and two-fifths of the lengths of the 
chromosomes. No such differences were observed in the pachytene 
chromosomes of the hybrid between the Florida and Nojoya teosintes. 
The size differences may have their solution in some other feature of 
the meiotic chromosomes. The teosintes involved in these hybrids 
were of such constitutions as to make the hybrids heterozygous either 
for a large terminal knob or for knobs of markedly different sizes. 
These knobs could be the sources of the differences observed at meta-
phase. As the chromosome contracts at late pachytene and early 
diplotene, the thread portion of the chromosome seems to contract 
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more rapidly than the knob. It is, therefore, extremely probable that 
at metaphase I in the reduction divisions these knobs occupy a much 
greater proportion of the chromosome length than they do at leptotene 
and pachytene. No measurements of the length of knobs at metaphase 
is possible, owing to the difficulty of distinguishing individual chromo-
somes and of measuring the knobs at this stage. However, between 
pachytene and diplotene the knobs can be distinguished, with increas-
ing difficulty as meiosis proceeds. Between these two stages, the knobs 
can be seen to contract far less than the thread. Illustrations of the 
microspore chromosomes of Florida teosinte, made by Beadle (1932), 
seem to show that the knobs constitute a larger proportion of the mito-
tic metaphase chromosomes than they do of the pachytene chromo-
somes. It is possible that the large teosinte knobs occupy enough of the 
metaphase chromosomes to be conspicuous when the homologues are 
asynaptic. This explanation is supported, to some extent, by the dif-
ferences in the inequality of the pairs of heteromorphic homologues. 
Knobs of the same size on chromosomes of different lengths would 
produce different percentages of inequality, the greater inequality oc-
curring in the shorter chromosomes, which would have a greater per-
centage of length of knob material than of thread material. Thus, 
in a hybrid between maize and Florida teosinte certain definite 
inequalities might be expected. Chromosomes one and ten would be 
heterozygous for large knobs which were of approximately the same 
size, and which would, therefore, produce differences of approximately 
the same absolute size at metaphase. These differences would also 
constitute different percentages of the length of the homologues, a 
condition which would make the homologues of the shorter chromo-
some much more unequal than the homologues of the longer. The data 
secured seem to support such an explanation, since the differences 
between the heteromorphic pairs were approximately equal, the longer 
pair having a difference of 4 millimeters, and the shorter, 5 millimeters, 
in camera lucida drawings. This explanation might be tested by com-
bining maize stocks of the proper cytological constitutions with Florida 
teosinte. The possibility also exists that the teosinte metaphase 
chromosomes maintain in the hybrid the greater length they seem to 
have in the pure species. Both Kuwada ( 1919) and Beadle ( 1932) 
have reported that the teosinte chromosomes are longer than the 
maize chromosomes at mitosis. This greater length may be produced 
by the large knobs. It may also be produced by differences in the mode 
of chromosome contraction which might persist in the hybrid. This 
explanation, however, would require that the shortening be propor-
tional to the length of the chromosome, a condition which is . not 
observed, since the shorter chromosome is more unequal than the 
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longer. Any account of the inequalities of the homologues will have 
to await the demonstration of differences in the degree of coiling. 
Since crossing-over occurs between the maize and teosinte homologues, 
the chromosomes at metaphase should be approximately half maize and 
half teosinte. The maintenance of size differences dependent on differ-
ent rates or degrees of shortening is difficult to understand under 
such conditions. These considerations would seem to indicate that the 
inequalities are not explicable in terms of chromosome coiling as now 
understood. 
The identificatin of the asynaptic heteromorphic homologues in 
maize-Florida teosinte hybrids lias not been adequately determined 
in these investigations. The measurements of the chromosomes of the 
asynaptic hybrid between the Florida and Nojoya teosintes indicated 
that the smaller and more frequent of the heteromorphic pairs was 
among the shortest of the chromosomes. The lengths of chromosomes 
seven, eight, nine, and ten, however, are so close at rnetaphase that 
positive identification is impossible by this method. The data seem 
to eliminate chromosome seven as the smaller heteromorphic pair. 
In the hybrid between the Florida and Nojoya teosintes this chromo-
some was always closely and regularly paired (Figure 4), and Amason 
found that in hybrids between T5-7a maize and Florida teosinte, the 
smaller asynaptic pair occurred in cells with the translocation con-
figuration. Chromosome ten appeared perfectly normal at pachytene, 
and so probably is not the one involved either. The two chromosomes 
left, eight and nine, both had chromosome rearrangements. Which 
of these is the pair cannot be stated definitely, but, if the knobs cause 
the disparity in size, chromosome nine is more suspect than chromosome 
eight. The identification of the longer asynaptic pair seems even more 
difficult. Chromosome four would be expected to be the asynaptic 
long pair (on the basis of its pairing at pachytene), rather than one 
of the other long chromosomes. The conclusion of Mangelsdorf ( 1939) 
PLATE I 
Fig. 1.-l\faize x Florida teosin te. A long inversion involving the insertion region 
in one of the longer chromosomes. 
Fig. 2.-Maize x Nojoya teosinte. The lower chromosome is number ten. A very 
small terminal knob from the Nojoya teosinte can be seen on the lower thread. 
Fig. 3.-Florida teosinte x Nojoya teosinte. Chromosome three apparently nor-
mal in synap.sis. The terminal knobs are distinctly heteromorphic. 
Fig. 4.-Flori da teosinte x Nojoya teosinte. Chromosome seven with normal pair-
ing. The very large knob from. Florida teosinte is uppermost in the figure. 
F ig. 5.-Florida teosinte x Nojoya teosinte. Chromosome eight with normal 
synapsis. The terminal lmobs on the sho1·ter arm are heteromorphic. the large one 
at the left being the 'Florida knob. · 
Fig. 6.-Florida teosinte x Nojoya teosinte. A loop, in the long arm of chromo-
some eight, which suggests an inversion but which could not be accurately analyzed. 
Fig. 7.-Florida teosinte x Nojoya teosinte. An inversion in the terminal half of 
the short a.rm of chromosome nine. 
Fig. 8.-Florida teosinte x Nojoya teosinte. Chromosome ten, in which the 
synapsis can be seen to be normal. The large knob is from Florida teosinte. 
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that chromosome four carries many of the genes which cause the 
morphological differences observed between maize and teosinte, is 
interesting in this respect. 
The metaphase measurements seem to support these tentative 
identifications made at pachytene. If the shorter of each pair of 
asynaptic homologues in the maize-Florida teosinte hybrid represents 
the lengths of maize homologues, then their metaphase lengths are in 
the ratio of 15 to 8. This ratio approximates the ratio of pachytene 
length of one of the longer chromosomes to that of one of the shorter. 
This ratio seems to eliminate chromosomes orie and two, and to retain 
chromosomes three, four, and five. Of these, only chrompsome four 
was anomalous at pachytene. 
The possibility should be considered that the asynapsis may not 
be the result of dete<;table chromosome differences. It is possible that 
chromosomes which appear normal at pachytene may fall apart before 
metaphase. Such a phenomenon might be caused by non-homologous 
association similar to that described by McClintock ( 1933) . This 
must have occurred in the present material when chromosome nine 
paired in a manner which appeared normal. 
The positions of the genes involved in the inversion of the short 
arm of chromosome nine probably cannot be inferred from the inversion 
configurations. Although the inversion had a constant dimension in 
the configurations studied, the lack of crossing-over does not indicate 
that the gene wx lies within the most proximal point of the inversion. 
Inversions are known to inhibit crossing-over at loci relatively far 
beyond the inverted segment. 
At least one other possibility remains-that the hcteromorphic 
univalents at metaphase and late diakinesis are not specific chromo-
somes but random members of the complement. In this event, the 
classification of the pairs of heteromorphic univalents into a smaller 
and larger pair would occur because only the extreme classes would be 
assumed to have been made to appear so by optical foreshortening of 
the longer pair. If the hypothesis be correct that the knobs make the 
hybrid chromosomes heteromorphic, then almost any random pair 
would be heteromorphic to a degree dependent on the ratio of thread 
material to knob material. The apparently strict limit of two asynaptic 
pairs as the maximum in a hybrid microsporocyte would seem to in-
dicate that the observed asynaptic pairs are not random members of 
the chromosome complement. 
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